Background: During the last 25 years, vitamin D -being a member of the superfamily of nuclear steroid transcription regulators -has emerged as a serious candidate in nervous system development and function and a therapeutic tool in a number of neurological pathologies. More recently, experimental and pre-clinical data suggest a link between vitamin D status and cognitive function. Human studies strongly support a correlation between low levels of circulating 25-hydroxyvitamin D (25(OH)D) and cognitive impairment or dementia in aging populations. In parallel, animal studies show that supplementation with vitamin D is protective against biological processes associated with Alzheimer's disease (AD) and enhances learning and memory performance in various animal models of aging and AD. More recently epidemiological associations have been made between low vitamin D and psychiatric disorders not typically associated with abnormalities in brain development such as depression and Alzheimer's disease Aim of the Study: was to review the recent literature to investigate the correlation between vitamin D status and neurocognitive function. Methods: We searched the medical literature to retrieve studies for the review to 30 November 2017. electronic search in the scientific database from 1965 to 2017-(Medline, Embase, AMED, Psych INFO, the Cochrane Library websites were searched for English Publications were obtained from both reprint requests and by searching the database. Data extracted included authors, country, year of publication, characteristics of patients, pathophysiology, risk factors, clinical manifestations, different diagnostic approaches and treatment modalities. Conclusion: Accumulating evidence in the current literature indicate that vitamin D deficiency is highly prevalent among patients with cognitive impairment, and that low vitamin D status may negatively impact cognition and that hypovitaminosis D is usually associated with increased risk of developing AD and dementia. Nevertheless, while vitamin D supplementation is safe for those with cognitive impairment, there is no solid proof that they will see significant improvement in their symptoms.
INTRODUCTION
Hypovitaminosis D-in other words Vitamin D deficiency-lessens vitamin D activity in a variety of organs, including the central nervous system. Low 25-hydroxyvitamin D [25(OH)D] levels are prevalent in older individuals, and adults with cognitive difficulties have been shown to have hypovitaminosis D [1] . There is a biologically plausible link between vitamin D and cognitive function. The vitamin D receptor (VDR), vitamin D metabolites and enzymes required for vitamin D activation have been found in the brain and central nervous system. Additionally, experimental studies have demonstrated that active vitamin D may influence brain and neuron development, and have neuroprotective potential and antioxidant effects [2] . Studies on VDR knockout mice have demonstrated that hypovitaminosis D may play a role in accelerated ageing, behavioural, social, motor and sensory deficits [3] ; all of which can contribute to cognitive decline.
The consolidation of information in the brain is the basis for learning and memory. Various threads of information can be stored in many parts of the brain, such as the cortex and the hippocampus. The hippocampus, which is located in the middle temporal lobe, plays an important role in mammalian spatial learning and memory consolidation [4] . Low levels of vitamin D in elderly people are associated with age-related disorders, including cancer, metabolic disorders, and vascular diseases [5] . 1048 Learning and memory cause long-term changes in nerve cell activity. Thus, when certain synapses in large quantities are used, the efficiency of these synapses improves in the long term [6] . N-methyl-D-aspartate receptor activity is required to strengthen the inward flow of calcium ion. Any imbalance in the amount of free calcium ions is associated with impairment in learning. Several studies on the nervous system have suggested that vitamin D can determine cognitive phenomena by acting on intracellular calcium homeostasis through different ways [7] . Vitamin D deficiency impairs the spatial learning process and, during pregnancy, may diminish the formation of long-term potentiation [8] . Notwithstanding the vitamin D benefits confirmed in previous works, other studies have indicated that vitamin D deficiency is not involved in the completion of cognitive tasks and the functioning of spatial and working memory [9] . Structural integrity and neuronal functions are critical in learning and memory processes, and vitamin D has been shown to contribute to the maintenance of healthy neurons. Vitamin D protects cortical cells against damage to neurons through increased messenger RNA expression [10] . A number of mechanisms that determine the relationship between low levels of vitamin D and the risk of dementia have been identified, even though although the biological mechanisms of this association are insufficiently clear, low levels of vitamin D are associated with increased white matter [11] . Considering these findings, in 2014 a group of international experts came to the consensus that hypovitaminosis D should be considered a risk factor for cognitive decline and dementia as it may change the clinical presentation of dementia due to accompanying comorbidities, but that 25(OH)D should not be used as a diagnostic or prognostic biomarker. The authors concluded that vitamin D supplementation should be part of the care management of older adults with cognitive disorders [12] . However, whether vitamin D plays a causal role in cognitive decline directly or through its impact on comorbidities, or whether it is a consequence of cognitive decline remains unclear. The aim of the present study was to ascertain the relationship between vitamin D and cognition.
MATERIALS AND METHODS
Electronic search in the scientific database from 1960 to November 2017.
Data Sources: Literature searches of Medline, Embase, AMED, Psych INFO, the Cochrane Library websites between January 1960 until November 2017 were performed. The search terms were used in combinations and together with the Boolean operators OR and AND; Search terms used were: ("vitamin D" or "vitamin D2" or "vitamin D3" or "25OHD" or "25(OH)D" or "25-hydroxyvitamin D" or "Hydroxycholecalciferols" or "hypovitaminosis D") and 10 for cognition ("cognition" or "cognitive" or "memory" or "attention" or "executive functions" or "dementia" or "mild cognitive impairment" or "mini mental state examination" or "MMSE" or "neuropsychological"). Citations from previous published literature were also searched.
Data extracted included authors, country, year of publication, age and sex of patients, epidemiology, geographical distribution, pathophysiology, risk factors, clinical manifestations, and investigations. The study was done after approval of ethical board of King Abdulaziz university.
VITAMIN D: SOURCE, MODE OF ACTION AND BIOLOGICAL FUNCTION
The term vitamin D also represents D2, D3 or both (D2 is less active than D3). It is produced in the skin from sun exposure or obtained from foods that naturally contain vitamin D including cod liver oil, fatty fish (salmon, mackerel, sardines and tuna), foods fortified with D (milk and some cereals) and supplement pills. When the skin is exposed to sunlight, 7dehydrocholesterol (in all layers of the skin) is converted to Pre-vitamin D3. 95% of pre-vitamin D3 is in the epidermis and cannot be removed by skin washing. Pre-vitamin D3 is converted to D3 and some is converted by photo-conversion to other products like 7dehydroxy cholesterol and lumisterol. These latter two products are inactive on calcium metabolism and are produced during prolonged exposure to ultraviolet B radiation from the sun, preventing sun induced vitamin D intoxication [13] . Cutaneous vitamin D3 is influenced by skin pigmentation, sunscreen use, time of day, season, latitude, altitude and air pollution. In winter, early morning and late afternoon, the solar UV-B photons have to travel through the ozone layer, which absorbs these rays. In places where sun shines 24 hours a day (e.g. far northern and southern regions of the world in summer), vitamin D synthesis occurs only between 10 a.m. to 3 p.m. because of this ozone phenomenon. In cities like Los Angeles and Mexico City where there are high nitrous oxide and ozone levels, little UV-B photons reach people. Glass also absorbs all UV-B radiation and no D3 is produced [14] . When vitamin D3 is formed, it travels to dermal capillaries by vitamin D binding protein (DBP). Ingested vitamin D is incorporated into chylomicrons that enter the lymphatic system, venous blood and binds to DPB. DPB and vitamin D3 are transported by the blood to the liver. D2 and D3 produced in this fashion are 25- [13] . This product does the following: Regulates gene transcription through a vitamin D receptor (VDR). It binds to specific nucleotide sequences in DNA. This allows regulation of 200-2000 genes. Vitamin D levels will affect the expression of genes that have a variety of biological functions linked to calcium, autoimmune disorders and cardiovascular diseases. VDR is present in most tissues and cells in the body including brain, vascular smooth muscle, prostate, breast, and macrophages [14] .
Properties and source of Vitamin D
By definition, Vitamin D is a multipurpose, fatsoluble, seco-steroid hormone. The two most important forms of vitamin D are cholecalciferol (vitamin D3) and ergocalciferol (vitamin D2). D3 is produced in the skin by sunlight, while the latter is contained in some fruits and vegetables and fortified foods. These forms of vitamin D are inactive until they are metabolized by the liver and kidney [15] . Once biologically active, vitamin D binds to intracellular VDRs, such as those expressed on neurons [15, 16] . It is the interaction with these VDRs that enables vitamin D to act on a cellular level. Serum 25(OH)D is the active metabolite of cholecalciferol and ergocalciferol that is usually measured to determine the Vitamin D status of an individual [16] . Vitamin D acquisition, metabolism and modes of action.
Cholecalciferol or vitamin D3 and ergocalciferol or vitamin D2 follow the same metabolic pathway. Blood metabolites include 25(OH)D produced by the liver, which is bound to vitamin D binding protein. Renal and extra-renal CYP27B1 (1α-hydroxylase) produces the active metabolite 1,25(OH)2D. 25(OH)D or 1,25(OH)2D, which enters the cell through passive diffusion or megalindependent transport. Once inside the cell, 1,25(OH)2D binds to its nuclear receptor VDR and after dimerization with retinoid X receptor (RXR), forms a regulatory complex which can bind target genes that contain a vitamin D responsive element (VDRE). 1,25(OH)2D can also induce rapid nongenomic responses by binding to its membrane receptor MARRS or a membrane VDR and regulate the activity of adenylate cyclase, PLC and PKC proteins. 1,25(OH)2D also induces modulation of calcium release from intracellular stores and can interact with TGF and EGF receptors to modulate cell cycle processes. These different modes of action and the cross talks operated by vitamin D signaling ultimately lead to transcription modulation of hundreds of genes, depending on the cell-type considered [17] .
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Figure 1: Vitamin D mode of action [17] .
Hypovitaminosis D prevalence
Vitamin D Deficiency; also called hypovitaminosis D, is prevalent among older adults due to both low dietary intake and inadequate sun exposure [18] . Almost 50-80% of elderly people have low vitamin D levels. Nevertheless, due to lack of screening, the proportion of the geriatric population that has unrecognized vitamin D deficiency may be much larger. Those at highest risk for low vitamin D status include individuals with low sunlight exposure, females, those with poor nutrition, people who have dark pigmented skin, and the elderly [19] . There is some discrepancy about how much of the vitamin is enough. Vitamin D deficiency is defined by some as a 25(OH)D value less than 20 ng/mL. Some researchers further separate the categories into insufficiency (values less than 10 ng/mL), deficiency (values from 10-20 mL), and sufficiency (values greater than 20 ng/mL), yet, others use a less lenient value to define deficiency (any value less than 25 ng/mL) [20] . It has been estimated that 1 billion people worldwide suffer vitamin D deficiency or insufficiency, although this prevalence is still uncertain and difficult to account for [21] . According to a recent systematic review, this global public health issue varies strongly depending on geographical location, age, and gender, and it appears that all subgroups of population are at risk for vitamin D deficiency [22] . Another systematic review of 195 vitamin D studies involving more than 168,000 individuals from 44 countries reported that 37% of the participants had 25(OH)D seric concentrations below 20 ng/mL (50 nmol/L), and only 11.9% were above 30 ng/mL (75 nmol/L) [23] . Within these 1 billion people affected by vitamin D insufficiency, elderly people seem particularly at risk, especially when institutionalized or in hospitals. For instance, in Europe and the USA, at latitudes higher than 40°, between 40% and 90% of elderly people, depending on the definition of deficiency considered, suffer from hypovitaminosis D [24] . This high prevalence in the elderly community can be explained by several factors: decreased sun exposure and diminished levels of 7-dehydrocholesterol within the epidermis leading to reduced dermal production of vitamin D, poorer dairy and vitamin D intake, alteration of vitamin D metabolism due to renal or hepatic failure, and increased catabolism due to medication (immunosuppressors, glucocorticoids, antiepileptics) [25] . A deficiency in vitamin D has been linked to many human diseases, particularly those that are age-related, such as Alzheimer's disease (AD), cancer, cardiovascular disease, type II diabetes, multiple sclerosis, and various inflammatory disorders. Hypovitaminosis D is therefore not to be undermined, not only for optimal bone health, but also in regards of all-cause mortality, as pointed out by a recent systematic review by Rush L et al.
[26] .
VITAMIN D AND COGNITIVE IMPAIRMENT
There is an abundance of research showcasing the role of vitamin D deficiency in cognitive impairment risk. Here are only a handful of the studies connecting vitamin D status to cognition:  According to a 2017 systematic review and meta-analysis of 26 observational and 3 intervention studies including over 19,000 participants, low vitamin D status was associated with cognitive decline (odds ratios (OR): 1.26) and poorer cognitive performance (OR: 1.24) among participants without dementia. However, this study did not find a significant benefit of vitamin D supplementation on cognition [27] .
 A study published in 2017 evaluated the role of vitamin D status in cognition among 369 individuals. The researchers found that those who were vitamin D deficient experienced a faster rate of cognitive decline. Additionally, vitamin D deficiency was associated with a nearly 3-fold increased risk of developing Alzheimer's disease with a hazard ratio of 2.85 [28] .  A 2016 study found that vitamin D deficiency increased elderly Chinese individual's risk of developing dementia by over twofold. In addition, dementia risk increased as vitamin D levels decreased [29] .

Research published in 2015 found that severe vitamin D deficiency was independently associated with future risk of mild cognitive impairment and dementia among elderly individuals. This was especially significant in those whose baseline cognitive function had decreased only modestly, researchers also discovered that vitamin D status is linked to poorer neurological skills Schoolbut not dementia or Alzheimer's disease [30] .
 A study published in the Canadian Journal of Neurological Sciences found that both vitamin D insufficiency and seasonal decline of vitamin D levels are correlated with lower scores related to cognitive performance [31] .
 A meta-analysis and review reported that lower vitamin D levels are associated with decreased cognitive function and an increased risk of Alzheimer's disease [32] .
 A 2015 study suggested cognitive ability of individuals with low 25(OH)D declined three times faster than that of healthy subjects with 25(OH)D above 20 ng/ml [33] .
Consequences of vitamin D deprivation on brain structures
Few studies have investigated the effect of inadequate vitamin D status on brain structures. In terms of brain volumetry, it was shown that rats born to vitamin D-deficient mothers had profound alterations in the brain at birth compared to control animals, with a thinner cortex and enlargement of the lateral ventricles [34] . In humans, no significant difference in whole-brain volume and sulcal grade according to serum vitamin D levels was observed in one study [35] , whereas in another one, an association between vitamin D concentration and ventricular volume (a proxy for brain atrophy) was found in older adults [35] . This difference only applied to the main ventricular bodies, and not to the temporal horns. Consistently, no difference in hippocampal volume was reported according to vitamin D levels amongst older community dwellers in the former study [35] . Studies in rats to examine brain vascular changes showed that vitamin D attenuated cortical infarction induced by cerebral arterial ligation. In humans, a meta-analysis showed clearly, in both cross-sectional and longitudinal studies, that the risk of stroke was increased with hypovitaminosis D [36] . Of interest, this finding was also true for more subtle changes such as white matter damage [35] , which is thought to disrupt cortical-subcortical white matter tracts that connect important cognitive regions of the brain [37] . Thus, it is possible that cerebrovascular changes linked to hypovitaminosis D could explain some higher-level disorders in older adults.
VITAMIN D AND ALZHEIMER'S DISEASE
A major public health problem is the progression of dementia and noncommunicable diseases such as AD. AD is a neurodegenerative condition characterized clinically by progressive cognitive decline and, histologically, by senile plaques and neurofibrillary tangles. The major component of senile plaques is the amyloid-β protein (Aβ), which is produced by the sequential proteolysis of a ubiquitous transmembrane protein, amyloid-β protein precursor (AβPP). Accumulation of Aβ, accompanied by increased inflammatory responses in the brain, is now viewed as a direct cause of neurodegeneration and cognitive decline. It is estimated that over 25 million people worldwide suffer from dementia, with a predicted 5 million new cases per year [38] . The etiology of the disease is still not fully understood. The first paper suggesting a link between vitamin D and AD dates back to 1992 when Sutherland and colleagues reported decreased VDR mRNA levels in the hippocampus of AD patients [39] . It is now relatively well established that patients with AD present lower concentrations of circulating 25(OH)D when compared to matched controls. Moreover, a consequential number of genetic studies have identified polymorphisms in the VDR or megalin genes that are associated to increased risks of cognitive decline or AD. The first study suggesting a possible genetic association between the VDR and AD dates back to 2007, where the authors indicate that a polymorphism in the VDR region increases the risk of AD by 2.3 times.
Additionally, it appears that single nucleotide polymorphisms (SNPs) in the VDR gene might be a cause for some of the alterations in the vitamin D-VDR pathway [40] . Genotyping of 563 participants over 85 years old for 5 different polymorphisms in the VDR gene revealed an association between gene variance and age-related changes in cognitive functioning.
More specifically, carriers of BamI and TaqI polymorphisms presented with worse cognitive functioning unlike carrier of the ApaI variant [41] . Moreover, the frequency of VDR polymorphisms TaqI, ApaI, FokI and BsmI were investigated in 108 AD patients versus 77 healthy controls of the Lower Silesian population cohort. The study did not reveal any significant difference between the two groups for frequency of the TaqI, Fok1 or BsmI polymorphisms.
However, the frequency for allele A of ApaI was higher in the control group, which was later associated with a 30% lower risk of AD in Polish and British populations study.
The authors note an important difference of risk alleles for these VDR polymorphisms depending on the population studied, suggesting a dependency on ethnic origin and climatic conditions. Another study by Wang and colleagues demonstrated a strong association between a SNP within the transcription factor Cdx-2 binding site and late-onset AD (492 AD cases versus 496 controls). The authors show that the risk allele for CDX2 is associated with lower VDR promoter activity [42] . It was found that the frequency of "TaubF" haplotype (alleles of TaqI, ApaI, Tru9I, BsmI and FokI, respectively) was significantly higher in the patient group with AD compared to the controls and can be considered a risk factor for the disease [40] . Finally, sex-specific gene variations in the VDR and megalin genes have been shown to modify agerelated cognitive decline in a cohort of US adults aged 50 years and older [42] .
LOW VITAMIN D AND DEMENTIA
Dementia is defined as cognitive decline resulting in memory deterioration and impaired daily functioning, and its development may involve several mechanisms. Signs and symptoms of decreased cognition in persons of advanced age are connected to both biological and environmental factors. By determining the role that vitamin D plays in these mechanisms, researchers have the capacity to improve overall health and decrease morbidity in the aging population [43] . Only a few articles have studied this topic. Annweiler et al. [44] followed 498 community dwelling woman free of Vitamin D supplements, in an epidemiology study on osteoporosis in France. Instead of measuring vitamin D levels in the blood they evaluated dietary intake of all sources of vitamin D. This study relied on participants filling 1053 out a detailed survey sheet. Numerous cofounders were incorporated from age, BMI, sun exposure, depression and seasonal variation. In a seven-year study, 70 women developed Alzheimer's disease. They had lower vitamin D intake than the 361 nondemented participants. Of interest is that the group that developed other dementias other than Alzheimer's had normal vitamin D intake. The main limitations of this information is that estimation of total vitamin D intake is just an estimation and depends on filling out a survey sheet, certainly not as accurate as measuring vitamin D blood levels. The other dementia cases did not include vascular dementia, which has been shown to correlate directly with vitamin D levels. The other dementia cases in their study were related to neurosurgical or metabolic mechanisms, which have no known relationship to vitamin D status.
In a study previously mentioned [45] , Buell, et al. studied 318 participants who had vitamin D levels, MRI measures of cerebral vascular disease and who developed dementia during a four-year study.
25(OH) D levels were deficient (<10 ng/ml) in 14.5 %, and insufficient (< 10-20 ng/ml) in 44 % of participants. Twenty three % developed dementia, one half were probable Alzheimer's disease. There was a much higher prevalence of dementia among those with 25(OH) D insufficiency (<20 ng/ml); 30 % vs 14 %. These vitamin D deficiency levels were associated with increased white matter hyperintensity and prevalence of white matter infarcts (10 % vs 7 %). Overall, taking all the cofounders into the study, vitamin D deficiency/insufficiency was associated with greater than twice the odds of all causes of dementia, Alzheimer's and stroke (on MRI) (with or without dementia symptoms). This study suggested a vascular protected role of vitamin D as suggested by the meta-analysis study [46] . It is important to remember that vitamin D appears to have other important roles evident in animal studies; reduces hippocampal degenerative processes; involved in detoxification by interacting with reactive oxygen and nitrogen species; improves neuronal survival by vitamin D related intraneuronal calcium homeostasis; may ameliorate the adverse effects of the amyloid hypothesis of Alzheimer's disease because it may attenuate AB42 accumulation by stimulating the immune system, specifically the phagocytosis and clearance of amyloid Beta protein.
Also, rodent studies, have shown an increase in choline acetyltransferase activity (this increases acetylcholine availability) in several brain regions involved in memory [44] .
CONCLUSION
Accumulating evidence designate that Vitamin D as a neurosteroid could be important in aging and age-related cognitive decline. Furthermore, numerous preclinical and clinical studies suggest that hypovitaminosis D may be associated with increased risk of developing AD and dementia. Nevertheless, future randomized trials should take into account the D-tails of every individual included in the cohorts.
